Cancer tissues contain small populations of highly tumorigenic cells termed cancer stem cells (CSCs). Immortalized cell lines containing CSCs are valuable and powerful experimental tools for research into the characteristics of these stem cells. We previously reported that the hepatocellular carcinoma cell line Li-7 includes abundant CD13 + CD166 − CSCs; however, the number of these cells decreases after long-term culture as a result of differentiation to non-CSC populations. To ensure consistent and reproducible results in experiments using Li-7 cells, it is important that the CSC population is maintained stably regardless of culture duration and passage. In the present study, we found that a commercially available culture medium for maintenance of embryonic stem cells and induced pluripotent stem cells, mTeSR1, effectively prevented spontaneous differentiation by CD13 + CD166 − cells to CD13 − CD166 + cells and therefore maintained the CSC population in Li-7 cell cultures. CD13 + CD166 − CSCs maintained using this culture medium retained high tumorigenicity after transplantation into mice; they also showed the ability to differentiate in vitro into non-CSC populations in RPMI-1640 with 10% FBS medium. We analyzed gene expression profiles of CSC and non-CSC populations in Li-7 cultures using an RNA sequencing method.
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Cancer tissues contain small populations of highly tumorigenic cells termed cancer stem cells (CSCs). Immortalized cell lines containing CSCs are valuable and powerful experimental tools for research into the characteristics of these stem cells. We previously reported that the hepatocellular carcinoma cell line Li-7 includes abundant CD13 + CD166 − CSCs; however, the number of these cells decreases after long-term culture as a result of differentiation to non-CSC populations. To ensure consistent and reproducible results in experiments using Li-7 cells, it is important that the CSC population is maintained stably regardless of culture duration and passage. In the present study, we found that a commercially available culture medium for maintenance of embryonic stem cells and induced pluripotent stem cells, mTeSR1, effectively prevented spontaneous differentiation by CD13 + CD166 − cells to CD13 − CD166 + cells and therefore maintained the CSC population in Li-7 cell cultures. CD13 + CD166 − CSCs maintained using this culture medium retained high tumorigenicity after transplantation into mice; they also showed the ability to differentiate in vitro into non-CSC populations in RPMI-1640 with 10% FBS medium. We analyzed gene expression profiles of CSC and non-CSC populations in Li-7 cultures using an RNA sequencing method.
Genes such as FGFR, NOTCH1, and JAG1, that are associated with tumorigenicity and stemness, were upregulated in the CSC population. Our results suggest that CSCs can be maintained in immortalized cancer cell lines cultured over an extended period using a medium developed for culture of embryonic/induced pluripotent stem cells.
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| INTRODUC TI ON
Despite recent advances in cancer therapies, many cancers still show a high rate of morbidity due to their rapid progression, acquisition of tolerance against chemotherapy or radiotherapy, distant metastasis, and recurrence. The development of the concept of CSCs over the past 2 decades has helped to explain the initiation of cancer and the heterogeneity of cells in cancer tissues. 1, 2 Cancer stem cells are considered to be derived from physiological stem cells and thus have characteristics of selfrenewal and pluripotency. In general, CSCs are resistant to conventional chemotherapy and radiotherapy and cause progression, metastasis, and recurrence of cancer. To overcome these problems, therapies that target CSCs are needed.
Cancer stem cells can be identified by flow cytometric analysis using specific markers. 3 For example, CD133, CD90, CD13, CD44, and EpCAM (also known as CD326) have been reported as cell surface markers for liver CSCs. [4] [5] [6] [7] Other functional properties of CSCs, such as high expression of drug efflux-related proteins, 8 high ALDH enzymatic activity, 9 low levels of intracellular reactive oxygen species, 6 and spheroid-forming tendency in 3-D culture, 10 have also been utilized to identify liver CSCs.
We previously reported that the human HCC cell line Li-7
includes a small number of CD13 + CD166 − CSCs. 11 A unique characteristic of the Li-7 cell line is the heterogeneity in cell populations due to the retention of CSCs and differentiated non-CSCs.
However, we also observed that the Li-7 cell line loses its tumorigenicity after long-term culture, presumably due to the dominant expansion of non-CSCs that differentiate from CSCs. A similar reduction in tumorigenicity of Li-7 cells was reported by another laboratory. 12 In order to carry out efficient and reproducible research into the mechanisms of tumorigenicity and to develop therapies 
| MATERIAL S AND ME THODS

| Cell culture
The human HCC cell line Li-7 was provided by the RIKEN BioResource Research Center (Tsukuba, Japan) through the National 
| Flow cytometric analysis and cell sorting
The following Abs were used in this study: allophycocyanin- were used for analysis and cell sorting, respectively.
| ALDEFLUOR assay
We used an ALDEFLUOR kit (STEMCELL Technologies) to detect intracellular ALDH enzymatic activity. The assay was carried out according to the manufacturer's instructions. The activated reagent is converted by intracellular ALDH into the fluorescent product BODIPY-aminoacetate, which is detectable by flow cytometric analysis. As a negative control, cells were treated with 15 μmol/L diethylaminobenzaldehyde. Cells were incubated for 20 minutes at 37°C in the presence of the above reagents and were stained with fluorescent dye-conjugated Abs and 7-AAD in the ALDEFLUOR buffer (STEMCELL Technologies). FACSAria SORP (BD Biosciences) was used for analysis.
| Spheroid formation assay
Cells sorted by flow cytometry were seeded at 4 × 10 3 cells per well in a 96-well NanoCulture plate-MS (ORGANOGENIX, Kawasaki, Japan) with 100 μL NanoCulture medium-R type supplemented with 10% FBS-R (ORGANOGENIX). Half of the medium was replaced with fresh medium twice per week. The number of spheroids with a diameter greater than 100 μm was counted on day 14 using a microscope equipped with a digital camera DP25 (Olympus, Tokyo, Japan).
| Animal experiments
Four-week-old female BALB/c nu/nu mice were purchased from CLEA Japan (Tokyo, Japan). A 200-μL suspension of cells in RPMI-1640 was injected s.c. The mice were killed when apparent s.c. tumors were observed. All animal experiments were approved by the Institutional Animal Care and Use Committee of RIKEN Tsukuba Branch.
| Histological and flow cytometric analyses of tumors formed in mice
For histological analysis, extracted tumors were fixed in 4% paraformaldehyde and then paraffin embedded. Sections (3 μm) were cut and stained using H&E and analyzed under a microscope equipped with a DP25 digital camera (Olympus).
For the flow cytometric analysis, a tumor tissue sample approximately 8 mm square was cut into a minced state and then suspended in RPMI-1640 supplemented with 1 mg/mL collagenase type I (Fujifilm Wako, Osaka, Japan); the suspension was incubated for 30 minutes at 37°C. The suspension was filtered through a 40-μm cell strainer (BD Biosciences), and the cells were then stained with the Abs described above. Mouse cells were excluded from the analysis as they were human HLA-ABC-negative. FACSVerse (BD Biosciences) was used for analysis.
| RNA sequencing
Total RNAs were extracted from cells sorted by flow cytometry. RNA sequencing was carried out by Hokkaido System Science (Sapporo, Japan) using an Illumina HiSeq 2500 platform (Illumina, San Diego, CA, USA) with a 100-bp read length. Image output data from the sequencer were transformed into raw sequence data by base calling and stored in FastQ format. Data were mapped to the human genome using TopHat (http://ccb.jhu.edu/software/tophat/index.
shtml) and quantified using Cufflinks (http://cole-trapnell-lab.github.
io/cufflinks/).
| Statistics
The data were first analyzed for homogeneity using an F test; subsequently, Welch's t tests were used to identify statistically significant differences. A value of P < 0.05 was considered significant.
| RE SULTS
| Identification of a culture medium for maintaining the CSC population of Li-7 cells
The HCC cell line Li-7 from the RIKEN Cell Bank (Japan) contained a population of approximately 40% of CD13 + CD166 − CSCs at the beginning of the culture ( Figure 1A) . 11 This population almost disappeared after continuous culture in RPMI-1640 + 10% FBS (hereafter RPMI + FBS) for 1 month through several passages ( Figure 1A ,B).
In order to maintain the CD13 + CD166
− CSC population, we tested commercially available media that have been developed for human ES cells and iPS cells. [15] [16] [17] [18] These media consist of basal medium and additional factors, such as basic FGF, insulin, and transferrin, and also contain other factors that are essential for cell survival and proliferation under serum-free conditions. Our analyses indicated that some of these media could effectively increase the expression of CD13 ( Figure 1C) . We selected the mTeSR1 medium for further experiments as the constituent ingredients of this medium have been fully disclosed. Moreover, the improvement in cell viability was greater after replacing RPMI + FBS with mTeSR1 than with other media. After 4 days of culture in mTeSR1, a high proportion of CD13 + CD166 − cells was observed and this did not change even after continuous culture for more than 1 month ( Figure 1D ,E). The majority of cells cultured with RPMI + FBS were spindle-shaped fibroblast-like cells, whereas those cultured with mTeSR1 were round ( Figure 1F ).
| Characterization of CD13 + CD166 − CSCs cultured in mTeSR1
We analyzed expression of the CSC markers EpCAM and CD133
that have been reported in HCC. CD13 + cells expressing EpCAM and CD133 increased after culture in mTeSR1 (Figure 2A) , and the majority of cells expressing both EpCAM and CD133 were present in CD13 + CD166 − cell populations ( Figure 2B ). In addition, the stem cell surface markers SSEA-4, TRA-1-60, and TRA-1-81 showed high expression in CD13 + CD166 − cells cultured in mTeSR1 ( Figure 2C ).
Next, ALDH enzymatic activity was assessed using the ALDEFLUOR assay together with flow cytometric analysis using CD13 and CD166. CD13 + CD166 − cells cultured in mTeSR1 showed the highest ALDH activity ( Figure 2D ). An analysis of spheroid formation ability, an indicator of tumorigenicity, showed that (Table 1 ).
| Histological and flow cytometric analyses of tumors derived from cells cultured in mTeSR1
Li-7 cells (5 × 10 
| RNA sequence analysis
To identify the genes associated with the tumorigenicity of Figure 4C ). In addition, NOTCH1, JAG1, and BMP2, which are related to normal stem cell signaling, were also upregulated in CD13 + CD166 − cells cultured in mTeSR1
( Figure 4D ).
| D ISCUSS I ON
The decrease in the numbers of CSCs during in vitro culture is a problem for research utilizing the Li-7 cell line. In the present study, we found that commercially available serum-free media devised to maintain ES/iPS cells were able to maintain CD13 + CD166 − CSCs in the Li-7 cell line. As the constituent ingredients of mTeSR1 have been disclosed and because cell viability was greater in mTeSR1 than in other media, we selected it for analyses of the maintenance of CSCs How does mTeSR1 maintain CSCs? Of note, the addition of 1%
FBS to mTeSR1 resulted in the failure to maintain CSCs, suggesting that FBS includes factor(s) that promote differentiation to non-CSCs ( Figure S1 ). However, the absence of FBS in cultures using RPMI did TA B L E 1 Tumor formation assay in immunodeficient mice not significantly improve the maintenance of CSCs ( Figure S2 ). Taken together, removal of FBS from the culture medium (serum-free condition) appears to be a pivotal factor but to be insufficient for maintenance of CSCs.
The fact that the optimal conditions for maintaining CSCs were at least partly similar to those for ES/iPS cells raises the question of whether the gene phenotypes of Li-7 CSCs are similar to those of ES/iPS cells. The CSC population of Li-7 cells cultured in mTeSR1
showed high expression of pluripotent stem cell markers such as SSEA-4, TR A-1-60, and TR A-1-81 19, 20 and of the signaling genes found in normal stem cells such as NOTCH1, JAG1, and BMP2. [21] [22] [23] In addition, genes related to the FGF signaling pathway were upregulated in the CSC population cultured in mTeSR1. It is well known that the FGF signaling pathway is essential for maintaining human ES/iPS cells, and the culture media for ES/iPS cells (including mTeSR1) contain basic FGF. 24 The FGF signaling pathway might We previously reported that culture of Li-7 cells in conventional culture medium (RPMI + FBS) resulted in the loss of the CSC population accompanied by changes in cell phenotypes and loss of tumorigenicity. 11 These results were confirmed here. Human cancer cell lines containing CSCs are very rare, and it is unclear how Li-7 was generated as a cell line containing CSCs. The Li-7
cell line was initially maintained as a tumor tissue by serial transplantation into immunodeficient mice, and finally derived as an in vitro cultured cell line from tumor cells formed in a mouse. 25 We speculate that CSCs might have been retained during the mainte- 
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